Eu-doped transparent mica glass-ceramics were prepared, the influence of Eu -doping on the crystallization of the parent glasses was investigated and the luminescent properties of the parent glasses and the glass-ceramics were estimated. A small additive amount of Eu element was very effective in preparing transparent mica glass-ceramics.
Introduction
Transparent glass-ceramics are interesting hosts for phosphors used for white light emitting diodes, laser materials and so on. Fluoride crystals and glasses are desirable hosts for optically active rare-earth cations because of their low phonon energies and broad transparency in the infrared region of spectrum used for amplification of light in telecommunications systems [1] . And transparent oxyfluoride glass-ceramics, based on fluoride crystals dispersed throughout a continuous silicate glass, have been shown to combine the optical advantages of rare-earth-doped fluoride crystals with the ease of forming and handling of conventional oxide glasses [1] . On the other hand, we succeeded in preparing novel transparent and machinable mica glass-ceramics from oxyfluoride glasses [2, 3] . The separated fluorine-micas had size of < 50 nm and their interlayer cations were lithium ions. The transparent fluorine-mica glass-ceramics are interesting host materials for phosphors, like transparent oxyfluoride glass-ceramics.
In this study, Eu 2 O 3 was added to the starting materials of the transparent mica glass-ceramics. Eu-doped parent glasses, which were oxyfluoride glasses, were prepared by melting the starting materials in sealed platinum container and were crystallized by heating in air. Then, the influence of Eu-doping on the crystallization of the parent glasses was investigated and the luminescent properties of the parent glasses and the
Results and discussion

Influence of Eu-doping on crystallization
The photographs of the parent glasses and the heated glasses are shown in Fig.1 .
Every parent glass was transparent. While the parent glasses to which 0-5 mol% Eu 2 O 3 were added were colorless, those to which 10 mol% and 20 mol% Eu 2 O 3 were added were light orange color. Crystals were not detected in every parent glass by XRD analysis. SEM photographs of the polished and etched surfaces of the E05 and E10 parent glasses are shown in Fig.2 . In the both glasses, droplet phase, which shows a binodal phase separation, was observed. The size of droplet phase in the E05 parent glass was 50-60 nm and that in the E10 parent glass was 20-30 nm. In every parent glass, such a binodal phase separation was observed, and the sizes of these droplet phases varied with the additive amount of Eu 2 O 3 .
The phase change in the E5 specimen by heating is shown in Fig. 3 . Trace of chondrodite (Mg 5 (SiO 4 ) 2 F 2 ) was observed at 600 ºC and a larger amount of chondrodite appeared at 650 ºC. Next, mica was separated at 700 ºC. The chondrodite acted as nuclei for mica. -eucryptite was observed at 750 ºC. (This -eucryptite was -eucryptite solid solution [2] .) A large amount of -eucryptite appeared at 800 ºC. The diffraction peak at about 31 º which was observed at 750 ºC and 800 ºC could not be identified. Probably, it originated in a compound containing Eu. The E5 specimen maintained transparency ( Fig. 1(c) ) though chondrodite and mica crystals were separated at 600-700 ºC.
However, it turned white opaque slightly with the separation of -eucryptite at 750 ºC.
Such crystallization process was similar to that of the E0 specimen [3] , except for the appearance of the unidentified diffraction peaks.
All specimens, except the E20 specimen, first separated chondrodite at 600 °C and the amount of the chondrodite increased at 650 °C. The E20 specimen showed only trace of chondrodite in the XRD pattern at 650 °C, and already turned white opaque ( Fig. 1 (e) ). The E10 specimen also turned a little white opaque at 650 °C ( Fig. 1(d) ).
This white opaque might be caused by the coarsening of the phase separation in the glass phase. XRD patterns of the E0-E20 specimens heated at 700 °C for 1h are shown in Fig. 4 . It is obvious that Eu 2 O 3 addition promoted the separation of mica crystals, compared the XRD patterns of Eu containing specimens with the XRD pattern of the E0 specimen. E005, E05 and E5 specimens separated a larger amount of mica crystals at 700 °C and maintained the transparency (Fig. 1) . The E005 and E05 specimens did not separate -eucryptite and unidentified crystal phases (particularly, the crystal phase of which diffraction peak appeared at around 31 °) at 700 °C. The E5 specimen showed only trace of their crystals in the XRD pattern and their diffraction peak intensities became stronger with an increase in Eu content. Consequently, the E10 and E20 specimens turned more white opaque at 700 °C ( Fig.1 (d) and (e)).
Above results show that a small addition of Eu 2 O 3 was very effective in preparing transparent glass-ceramics in which a large amount of mica crystals was separated. The Eu 2 O 3 addition might vary the composition of the droplet and matrix phases in the parent glasses and probably resulted in F-richer droplet phase and MgO-richer matrix phase, which caused the promotion of separation of mica [3] . However, the excess addition of Eu 2 O 3 , such as E10 and E20 specimens, led to the coarsening of phase separation in the glass phase and the separation of a larger amount of the unidentified crystal phases and -eucryptite during heating of the parent glasses, which caused white opaque at lower heating temperatures.
TEM images and EDX spectra of the E5 specimen heated at 700 °C are shown in respectively.) However, no Eu peaks were observed in the EDX spectrum of G though Mg, Al, Si, O and F peaks appeared. That is, the dark parts, which were the mica crystals, contained Eu element and the light parts, which were glass phase, did not contain the Eu element. Moreover, the dark straight lines were observed in some mica crystals, which means that all layers of mica crystals did not always contain Eu element uniformly and there were some layers concentrated Eu element in a mica crystal.
The basal spacing (c·sinc and are lattice constants) and lattice constant b of the mica separated in the E0-E5 specimens heated at 700 °C were determined from the Furthermore, the lattice constant b is a standard for determining whether the mica is the tetrasilicic or trisilicic type and the b of tetrasilicic type mica is smaller than that of trisilicic type mica. The composition of mica separated in the E0 specimen was 
Luminescent properties
Emission spectra of the E5 specimen excited at 254 nm are shown in Fig. 7 . The peaks at around 590 nm and 610 nm were observed for the E5 parent glass, which originated in 5 D 0 → 7 F J transition of Eu 3+ ions. In addition, the weak, broad and discontinuous peak at around 400 nm was also observed, which originated in 4f 6 5d → [22] , fluorine might evaporate at < 800 °C.
The excitation spectrum (emission spectrum: 405 nm) and emission spectrum (excitation spectrum: 289 nm) of the E5 parent glass are shown in Fig. 8 . The excitation peak was observed at 289 nm, which ascribed to the 4f-5d transition of Eu 2+ ions [12] .
When the parent glass was excited at 289 nm, the broad emission peak which was similar to that shown in Fig. 7 (d) appeared at around 400 nm. And it was discontinuous peak, especially at 394 nm. The excitation spectrum (emission spectrum: 610 nm) and emission spectrum (excitation spectrum: 394 nm) of the E5 parent glass are shown in Fig. 9 . The some sharp excitation peaks were observed at 350-550 nm, which ascribed to the transitions between the 4f energy levels of Eu 3+ ions [11, 12] , particularly, the excitation peak at 394 nm was the strongest. When the parent glass was excited at 394 nm, the emission peak appeared at around 590 and 610 nm, which originated in Eu Consequently, the emission peak at around 400 nm of Eu 2+ ions results in the discontinuous, particularly at 394 nm, and is seemed to be the broad emission containing several peaks, as shown in Fig. 7 and Fig. 8 That is, such decreases in the intensities resulted from the white opaque.
Conclusions
We fabricated the novel phosphors which were transparent and machinable mica glass-ceramics containing Eu 2+ and Eu 3+ ions. And the influence of Eu 2 O 3 addition on the crystallization of the parent glasses was investigated and the luminescent properties of the parent glasses and the glass-ceramics were estimated.
A small additive amount of Eu 2 O 3 was very effective in preparing transparent mica glass-ceramics. However, the excess addition led to the coarsening of phase separation in the glass phase and the separation of a larger amount of unidentified crystal phases and -eucryptite during heating of the parent glasses, which caused white opaque at lower heating temperatures. When the mica crystals were separated, Eu ions (Eu 2+ and/or Eu 3+ ) were substituted for Li + ions in the interlayer of mica crystals. However, all layers of mica crystals did not always contain the Eu ions uniformly and there were some layers which concentrated the Eu ions in a mica crystal.
When the parent glasses excited at 254 nm, emission peaks appeared at around 590 nm and 610 nm, which originated in Eu 3+ ions and the weak, broad and discontinuous emission peak appeared at around 400 nm, which originated in Eu 2+ ion. While the former peaks became weaker by heating in air, the latter peak became stronger.
It was obvious from the emission spectra that parts of Eu 3+ ions were reduced to 
